INTRODUCTION
usually occur few weeks after birth, mainly on the head and neck region with female predominance (M:F =1:3). Histologically they are characterized by rapid proliferation followed by involution. [3] Surgery may be required in up to 40% cases due to various reasons such as incomplete involution, cosmetic reasons, obstruction to vision, bleeding, infection, pain and rarely cardiovascular complications. [4] Vascular malformation is a rare vascular anomaly characterized by malformed vascular channels. [5] It occurs since birth, increases in size and grows proportionate to the body growth. They become symptomatic at any age due to complications and/or accelerated growth triggered by trauma and hormonal influence, which require surgical and medical intervention. Skin, brain, spinal cord and visceral organs are the common sites affected. Managing vascular malformation is a challenge to a surgeon. Incomplete resection or treatment failure can even lead to recurrence. [6] Thus, it is of utmost importance to diagnose vascular malformations and hemangiomas correctly and early in the course of the disease.
Histopathologically, hemangiomas show capillaries with endothelial proliferations, while vascular malformations show mature but dysplastic vessels which infiltrate into the deeper tissues. The histopathological diagnosis of malformation is supported by directly communicating arteries and veins, with presence of abnormal vessel wall with disrupted internal elastic lamina and eccentric intimal fibrous thickening in artery, arterialization of veins in arteriovenous malformation (AVM) and presence of varying size and thickness of abnormal venous channels with disrupted or abnormal vessel wall in venous malformation. [7] AVMs can be confirmed by demonstrating elastic tissue of arteries and arterioles using Verhoeff van-Gieson (VVG) and orcein stains. Recent studies have shown the presence of increased intralesional nerves in vascular malformations as an additional tool in diagnosing vascular malformation. [8] This prompted us to study and review the cases of vascular malformations and hemangiomas diagnosed in our department. The aim of this study was to differentiate hemangioma and vascular malformation based on histopathological features and to assess the utility of various histochemical stains such as VVG, Masson's trichrome (MT) and toluidine blue in differentiating these lesions.
MATERIALS AND METHODS
A total of fifty cases were retrieved from surgical pathology records. The lesions diagnosed as vascular malformation (n = 18) and hemangioma (n = 32) on hematoxylin and eosin (H and E) stained sections were included in the study. Vascular malformations included AVM, (n = 17) and lymphatic malformation (n = 1). Hemangiomas included infantile hemangiomas (n = 4), capillary hemangiomas (n = 14) and pyogenic granuloma (n = 14). Vascular tumors diagnosed as hemangioendotheliomas and angiosarcomas were excluded from the study. Institute Ethics Committee clearance was taken for the study. Relevant clinical history including age, sex, and site of lesion were collected. However, follow-up was not available. One case of AVM had a history of recurrence. Formalin-fixed, paraffin-embedded tissue blocks were made and tissue sections were cut at 4 µ for special stains. Routine H and E stain was performed and special histochemical stains VVG, MT and toluidine blue were done in all cases as per standard guidelines. [9] VVG stain was used for identification of arteries and arterioles and MT stain for identification of various soft tissue components such as nerves, smooth muscles and vessels. The presence of intra-lesional nerve bundles was scored as follows:-score 0 if there was no increase in nerves, score 1 if there was focal and slight increase in nerves and score 2 if there was multifocal or diffuse increase in nerve. [8] The mast cell density was counted in toluidine blue-stained sections using Olympus CX 21 model microscope in all the cases using oil immersion objective and x10 eyepiece. With these specifications, the magnification is x1000 and field view diameter is 0.20 mm. Therefore, area of the field view using the formula for the area of a circle = πr 2 (where r is the radius of a circle) is 0.0314 mm 2 . Thus, for counting in 1 mm 2 area, we have to do the cell count in 1/0.0314 = 31.84 fields, or rounded up to 32 fields. Therefore, 32 non-overlapping fields were counted to obtain mast cell count per mm 2 area. In each representative section, 32 fields were counted to obtain the number of cells per mm 2 .
RESULTS
As per the surgical record diagnosis, there were 32 cases of hemangioma [ Figure 1a ] and 19 cases of vascular malformation (AVM n = 17 [ Figure 1b ], lymphatic malformation n = 1) diagnosed on H and E. Of 32 cases diagnosed as hemangiomas, two cases were reclassified as AVM as they revealed arteries and/ or arterioles and increased nerve bundles on VVG and MT stains [ Figure 2a -c]. Myelinated fibers appeared red with green endoneurial sheath [ Figure 2d ]. One case of hemangioma was also reclassified as venous malformation as it revealed malformed venous channels without arteries/arterioles. It also showed increase in small nerve bundles. Reclassified AVMs and venous malformation also revealed increase in nerve fibers. All other originally diagnosed cases of vascular malformation were also reconfirmed on VVG and MT. After this reclassification, there were a total 29 cases of hemangiomas, 19 of AVM and one case each of venous and lymphatic malformation. Sex ratio in hemangioma and vascular malformation were 1.00:1.75 (M:F) and 1:1 (M:F), respectively. Hemangiomas were seen in all age groups ranging from 12 months to 60 years (mean = 25 years). The age in vascular malformation ranged from 9 months to 75 years (mean age = 21 years). Increased intra-lesional nerves/bundles were present in 18 of 21 (85.66%) cases of vascular malformation (16/19 AVM, 1/1 lymphatic malformation, and 1/1 venous malformation), whereas these were not increased in any case of hemangioma. The increase in nerves was further scored as shown in Table 1 . The salient histochemical findings to differentiate hemangioma from vascular malformation are highlighted in Table 2 . Mean mast cell density calculated with toluidine blue stained sections was 42.23/mm 2 and 29.56/ mm 2 in hemangiomas and vascular malformations, respectively [ Figure 3a and b].
DISCUSSION
Hemangiomas are benign vascular tumors, characterized by endothelial hyperplasia and rapid growth. They respond to corticosteroids. Vascular malformations are characterized by vascular dysmorphogenesis and normal endothelial turnover. They never regress and require medical and surgical treatment. If vascular malformation is misdiagnosed as hemangioma, it will lead to treatment failure and a possible recurrence. Therefore, correct diagnosis of both these lesions is essential. [6] We found that hemangiomas were more common in females than males; however, there was no sex predilection in vascular malformations. The sites of vascular malformations and hemangiomas in our study were similar to those described in literature, although age varied significantly in hemangiomas as compared to vascular malformations. This variation could be explained by the inclusion of cases of lobular capillary hemangiomas (pyogenic granuloma) which are acquired lesions occurring in adults. [10] Various studies in the past have evaluated the use of elastic stains for identification of arteries/arterioles. Koutlas and Jessurun used orcein stain to study the presence and distribution of elastic fibers in the vascular components of arteriovenous hemangiomas. [11] Adegboyega and Qui used Movat pentachrome stain to identify various tissue components in hemangiomas and AVMs. [12] Pawane et al. used VVG stain in 44 cases of AVMs. [13] In our study, VVG and MT helped to re-classify two cases of hemangioma as AVM and one case of hemangioma as venous malformation.
Routine H and E stain can identify nerves as wavy bundles. We used MT stain to identify and evaluate nerves. We found nerve bundles in 85.66% (18 out of 21) cases of vascular malformation (16/19 AVMs, 1/1 lymphatic malformation and 1/1 venous malformation). Adegboyega and Qui used immunohistochemical stain S-100 to assess the presence of nerves and nerve fibers in hemangiomas and vascular malformations. Intra-lesional nerves were identified in 91% (69 out of 76) cases of AVMs. [12] In contrast, nerve bundles were not found to be increased in any of 36 cases) of AVM, whereas they were seen in only 6% cases (three cases) of hemangioma. [13] Our findings are in agreement with Adegboyega and Qui's study and Pawane et al. and various other studies. [12] It has been proposed that peripheral blood vessels and nerves share patterning mechanism during development. This could explain increase in nerve bundles in vascular malformations. [14] We also support Meijer-Jorna et al. [8] observation that AVMs on head and neck and upper extremities show relatively more nerves than trunk and lower extremities [ Table 1 ]. It is postulated that the congruency of the nervous system and the vascular system differs according to the location as seen in experimental studies. [15] We found that on H and E stain, it may be difficult to differentiate between small arterioles and large capillaries with fibro-lamellar hyperplasia. Even elastic stain may not be helpful to differentiate between them as internal elastic lamina may be inconspicuous or absent in small arterioles. Presence of continuous wreath of concentric smooth muscle layer in arteries and arterioles as compared to discontinuous wreath of smooth muscle bundles in veins can be used as a feature to differentiate between them. This can be done easily by MT and/or VVG [ Figure 4a ]. [16] We could easily identify dysplastic vessels and study their characteristic features such as leaky vessels, eccentric intimal fibrosis of artery, arterialization of vein, and disrupted internal elastic lamina in these vascular malformations [ Figures 4 and 5a ]. Thus, we found that histochemical stains play an important role in identifying different type of vessels with characteristic histological features. Various authors have utilized toluidine blue stain to study mast cells in hemangiomas and AVM and found that mast cell numbers are increased in hemangiomas and AVMs. [13, 17] We found mean mast cell density of 42.23/mm 2 in hemangiomas and 29.56/mm 2 in vascular malformations which ranged from 6 to 90/mm 2 in hemangiomas and 4-60/mm 2 in vascular malformations. Mast cells were found concentrated more near vessels than normal surrounding area. Various studies have shown that mast cells are decreased in involuting hemangiomas as compared to proliferating hemangiomas which suggest the role of mast cells in maintaining hemangiomas in proliferating stage. [13] In our study, there were no involuting hemangiomas. Although mast cells have a role in the pathogenesis of hemangiomas, mast cell density has not been found to be a useful marker to differentiate hemangiomas from AVM. [13] We also found increased mast cell density in both hemangiomas and vascular malformations (hemangioma > vascular malformations), but this increase was not statistically significant.
Non-involuting congenital hemangioma (NICH) is a rare, congenital cutaneous vascular anomaly which is fully developed at birth and histologically characterized by small, thin-walled vessels having hobnailing of the endothelial cells with a large and often stellate central vessel. They also contain interlobular veins and arteries which may be dysplastic. Differentiating NICH from AVM/venous malformation would certainly be difficult as dysplastic arteries and veins are seen even in NICH, [18] although, we did not have any case of NICH in this study. However we believe that presence of increased nerve bundles may help in differentiating even NICH from AVM on histological ground. It has been found that NICH is GLUT-1 negative and may show increase in mast cell density. [18] In addition, absence of direct venous filling in NICH on radiological investigation (ultrasonography [USG]) would help differentiating it from AVM/vascular malformation. [18] Thus, clinicopathological and radiological correlation is a must in such cases for definitive diagnosis.
We reclassified two cases of hemangioma in to AVM, based on large number of nerve bundles and vascular dysmorphogenesis observed on MT and VVG. The third case diagnosed as hemangioma was reclassified as venous malformation as MT stain revealed the presence of dysplastic venous channels with discontinuous smooth muscles in their walls in addition to the presence of capillary proliferations and increased nerves [ Figure 5b ]. Endothelial and capillary-like proliferations may also be seen in vascular malformations as seen in this case. These capillary-like endothelial proliferations in vascular malformations are due to ischemia and vascular remodeling. [19, 20] GLUT-1 is a new immunohistochemical marker which has been recently utilized by various authors in differentiating hemangiomas and AVMs as it is found mainly positive in endothelial proliferation of infantile hemangiomas. [19, 21] Expression of Wilms tumor-1 gene distinguishes vascular malformation from proliferating endothelial lesions, [22] but availability and cost are limiting its utility in routine practice. Mast cells have a role in endothelial proliferation.
Although various authors have used these histochemical stains, these characteristic features of dysplastic vessels have not been highlighted as demonstrated in our study. We could even identify small nerve bundles with MT stain, which were easily missed on routine H and E stain. This definitely increased the sensitivity of nerve detection and helped further in nerve bundle scoring.
Radiological investigations, especially, USG plays an important role in classifying these lesions based on the flow of the lesion. Although clinical diagnosis and radiological correlation are sufficient for diagnosis in most of the cases, confirmation of all resected specimens is must because many times vascular malformations can simulate hemangiomas clinically and radiologically. [23] A few cases in our study were clinically misdiagnosed a lipoma or cyst. Few radiologically diagnosed cases of hemangioma were confirmed as AVM on histopathology. Hence, multidisciplinary approach and careful evaluation of each case of vascular lesion is essential for proper management.
Limitations
This was a retrospective study. In few cases, clinical and radiological correlation was not possible as they were not subjected to radiological investigation. These cases were diagnosed solely based on HPE. Although MT stain was used for identification of nerve bundles, S-100 immunostaining was not used for confirmation.
CONCLUSION
Hemangioma and vascular malformation, especially AVM, should be clearly differentiated to reduce the risk of treatment failure and recurrence. With the use of histochemical stains such as VVG and MT, the diagnostic difficulty can be reduced and certain characteristic features can be easily studied and evaluated.
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